We discovered novel calibrants, several 2,2,6,6-tetraalkylpiperidinyl derivatives, for accurate mass measurements by electrospray ionization mass spectrometry (ESI). These compounds showed excellent performance as internal calibrants for the accurate mass measurement in ESI-MS, without problems arising from differences in the ionization efficiencies between the analytes and calibrants.
Introduction
An accurate mass measurement in mass spectrometry is known as a very powerful tool for the structural elucidation of small organic compounds. This methodology has been mainly applied to relatively small compounds suitable for the instruments of electron ionization (EI) and fast atom bombardment (FAB).
Since the advent of electrospray ionization (ESI) has made it possible to generate multiply charged ions in the low-mass region, [1] [2] [3] an accurate mass measurement in ESI-MS for a variety of molecules (from small to large organic compounds) has become adaptable for a timeof-flight (TOF) instrument, a magnetic sector instrument, or both. 4, 5 Several peptides, and some macrocyclic polyethers (crown ethers), and polyglycols/polyethyleneglycols, are generally used as calibrants for this purpose. 6, 7 Although these calibarants have been considered to be promising, it is often difficult to adjust the desired ion intensity and m/z values. In some crown ether cases, the inhalation toxicity of the ethylene oxide cyclic tetramer vapor and the skin sensitization potential have been reported. 8, 9 Additionally, in the case of polyglycols and polyethyleneglycols, they are too sticky and contaminate the instruments. A general and high-performance internal calibrant has been sought, because they have been generally used as independently measured external standards to avoid any mixing with the analyte in solution. 10 In this paper, we describe novel calibrants, some 2,2,6,6-tetraalkylpiperidinyl derivatives, for accurate mass measurements with ESI-MS.
These compounds showed excellent performance as internal calibrants for an accurate mass measurement in ESI-MS, without problems arising from differences in the ionization efficiencies between the analytes and the calibrants.
Experimental
Triethanolamine (a) was purchased from Wako (Osaka, Japan). The compounds (HL-186, b; HAP-60, d; HL-109, f) were synthesized by our company. 11, 12 Sanol LS-770 (c) was obtained from Sankyo Co. (Tokyo, Japan). Adeka Mark LA-57 (e) were purchased from Asahi-Denka Co. Ltd. (Tokyo, Japan).
Accurate mass measurements were performed using a Mariner ESI-TOFMS mass spectrometer equipped with an atmospheric pressure ionization source (Applied Biosystems, Foster City, CA, USA). The instrumentation and experimental conditions for the ESI-MS were as follows: ESI source operation, positive mode; capillary voltage, 4 kV; nozzle potential, 150 V; data time, 3 s; scan range, m/z 100 -1000; solvent, 1% pyridine-methanol; sample concentration, ca. 1 pmol -1 nmol/µL; calibrant concentration, ca. 1 pmol -1 nmol/µL.
Results and Discussion
Five different compounds (Table 1) were used for the measurements. These compounds covered a mass range of up to ca. 1100 u. They exhibited no interference with the analyte ions appearing in the mass spectrum when the sample solution was mixed with different calibrants. In addtion, unlike some peptides, these compounds were stable in solution at room temperature. A made-to-order response by adjusting the concentration of each compound could be obtained. This was due to the excellent ionization ability of these compounds during the positive-ion ESI process. These internal calibrants were used for accurate mass measurements of several compounds. The typical spectra are shown in warfarin (Fig. 1) , and propranolol (Fig. 2) . A couple of calibrant ion peaks were selected to measure the accurate mass of analyte ions. The analyte ion peak should be located between these two calibrant ion peaks on the mass spectrum. The precision of a mass measurment with Mariner ESI-TOFMS for warfarin and propranolol is shown in Table 2 . These results indicate that the average from six-times injection is needed to obtain reliable data; that is, a deviation in the measured accurate mass was observed at less than 10 ppm.
This result suggests that these compounds have an excellent capability as an internal calibrant for ESI-MS. Although the range covered by these experiments is up to 1000 u, any desired ion peaks could be created in combination with these modified compounds. These calibrants are also available for accurate mass measurements in other ionization techniques, such as fast atom bombardment (FAB), matrix-assisted laser desorption/ionization (MALDI), atmospheric pressure chemical ionization (APCI), field desorption (FD), and so on. 
